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Abstract 
 

In this paper, a microstrip antenna is presented for wearable devices operating at unlicensed Industrial, Scientific and Medical (ISM) 
band. Antenna is designed on 34 × 28 mm2 sheet of low loss Rogers 5880 material. An equivalent biological tissue model is designed for 
the simulation. A wide bandwidth of 400 MHz can easily withstand the detuning effect caused by body posture and movement. Effect of 
electromagnetic radiation on human tissue is also analyzed for safety.  High gain, low SAR makes antenna a good candidate for  wearable 
devices.  
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1. Introduction 

Wireless Body Area Network (WBAN) is an exciting field of 
research emerging IEEE 802.15.6 standard for medical applica-
tions [1]. Proactive health monitoring devices has enabled early 
detection and prevention of diseases. WBAN includes real time 
monitoring of vital signals such as ECG, temperature, heart rate, 

glucose and oxygen level from the body and transmitting to the 
medical personnel. Specific sensors are implanted in or placed on 
body for measuring the signal. RF communication link is estab-
lished between sensor module and external receiver at a distance 
from body [2]. Integrated antenna is a key and essential compo-
nent which enables communication in the lossy biological medium. 
Due to high flexibility in designing, size and shape; patch anten-
nas are receiving significant research interest for integrating into 

the implantable and RF enabled biotelemetry. The design of on-
body patch antennas has to deal with some challenges  related to 
biocompatibility, miniaturization, patient safety in terms of SAR, 
improved quality of communication with exterior monitor-
ing/control equipment, and reliable to avoid detuning effect 
[3].ITU-R Recommendation outlined the use of 402 – 405 MHZ 
band for Medical Implant Communication Systems (MICS). 
433.1- 434.8 MHZ, 868-868.6 MHZ, 902.8- 928 MHZ, and 2.4- 

2.5 GHZ (ISM) and UWB (3.1 to 10.6 GHZ) are also used for 
wireless body area network communication [4].  
Several configurations have been studied for wearable antennas. A 
conformal wearable PIFA antenna has been designed in [5] show-
ing omnidirectional radiation pattern. A large amount of power is 
radiated towards the body. Stacked patch antenna with full ground 
plane is designed for WBAN. Full ground plane is a way to direct 
the radiations away from the human body [6]. Several textile 

based wearable antenna has been proposed [7-9] for off body 
communication, however, their performance degrade due to crum-

pling.EBG integrated structures have been presented in [10-11] for 
robust performance under bending. They have larger lateral area 
and height. A defected ground staircase patch antenna has been 
proposed for multiband body area network devices [12]. A recent 
investigation on a dual fed, dual mode structure at ISM band has 

been presented in [13]. 
In this research work of ours, an antenna structure for on body 
devices has been designed at 2.45 GHz ISM band. Antenna per-
formance is analyzed in free space and on human body. Results 
are discussed in further sections.  

2. Antenna Design 

Antenna is simulated on a thin flexible substrate Rogers 5880 ( r = 

2.2, loss tan = 0.003) with a thickness of 0.6 mm. Figure 1 repre-
sents the geometry of proposed structure. Partial ground plane is 
designed to enhance the bandwidth. Hexagonal shaped ring is 
printed as a radiating patch to obtain the desired resonance fre-
quency. The circular microstrip patch antenna is basic configura-
tion. The resonance frequency of circular patch antenna is calcu-
lated by the following formula: 
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Where nmk  is the derivative of the mth of the Bessel function of 

order n [14]. 

For the fundamental TM11 mode, the value of nmk  is 1.84118. 

End to end fringing fields of the circumference of the circular 
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microstrip antenna are taken into description by replacing the 

patch radius ‘a’ by the effective radius ‘
ea ’, 
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The effective dielectric constant 
e of substrate is calculated by 

 

C(a,h, ) / C(a,h, )e r0 0
                                           (3) 

 

Where C(a,h, )r0
  and C(a,h, )

0
 are the total capaci-

tances of the dominant TM11 mode of circular microstrip antenna 
with and without a dielectric substrate, respectively. These can be 
calculated as 
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Antenna length is chosen as (ʎ/4) for 2.45 GHz frequency. A 50 
ohm impedance feed line with width 1.6 mm is used. Radius R1 
controls the resonance bandwidth of antenna. Further small hex-
agonal slot of radius 1 mm are inserted in design to improve the 
impedance matching. Dimensions of antenna are given in Table 1. 
Antenna performance is analyzed in free space and biological 
environment. Figure 2 shows the simulated return loss plot. 
Only a small shift is observed when antenna placed on equivalent 

tissue model. The proposed design has wide bandwidth of 400 
MHz that is good enough to withstand detuning effect caused by 
body posture and movement. 
 

 
(a)                                                                           (b)                                                                    (c) 

Fig. 1: Geometry of the proposed antenna structure (a) Front view without slot (b) Front view with slot (c) Back view 

 
Table 1: Dimensions of antenna 

Parameter Size(mm) Parameter Size(mm) 

L 34 LF 8 

W 28 G 4 

R1 13.2 R2 9 

 

 
Fig.2: Simulated return loss of proposed antenna 
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3. Equivalent Tissue Model 

 
Human body is a complex multilayered structure that affects the 
performance of antenna operating near the body and, in turn elec-
tromagnetic waves also have diverse effect on the tissue. For on 
body simulation environment a equivalent tissue phantom model 
is designed in CST Microwave Studio. Electrical properties of 
different tissue layer at 2.5 GHz are summarized in Table 2. Tis-
sue layer with maximum water absorption has highest permittivity. 

A three layered tissue model 80×80 mm2 is designed. Thickness of 
skin /fat/ muscle layer is taken 2/5/12 mm respectively [15]. Fig-
ure 3 shows the simulation environment of antenna and phantom 
model structure. 

 

 
(a) 

 
(b) 

Fig. 3: (a) Phantom model (b) Prospective view of simulation model 

 
Table2: Electrical properties of the designed phantom model 

Tissue Electrical Per-

mittivity 

Conductivity 

(S/m) 

Loss Tangent 

Skin 38.8 1.18 .30 

Fat 5.30 0.07 .14 

Muscle 53.5 1.34 .25 

 

4. Results and Discussion 

 
As shown in Figure 4 antenna has high efficiency (90%) in free 
space. A significant fall in efficiency is due to the absorption of 
electromagnetic radiations by human body.  For 2.5 GHz, the half 
wavelength (ʎ/2) is 60 mm. It can be clearly observed from sur-
face current distribution that total current length for half wave 
resonance is close to 60 mm shown in Fig. 5.  

 
Fig. 4: Radiation efficiency of proposed antenna on free space and phantom model 

 

 
Fig. 5: Surface current distribution at 2.45 GHz 
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Table 3: performance of proposed antenna structure 

 Gain(dBi) Efficiency(%) Bandwidth(MHz) 

 4.1  10% 400 

Free space 2 90%  400 

 
E-plane radiation pattern of antenna in free apace and on phantom 
model are shown in figures 6 and 7 respectively. Antenna shows 
near omni directional radiation pattern in free space and monopole 

like radiation pattern on human body. Human body acts as both an 
absorber and reflector for electromagnetic radiations. Maximum 

radiation is towards the +Z direction. This type of radiation char-
acteristics are required for the BAN devices [15]. Directive gain of 
antenna is enhanced from 2.09 dBi to 3.95 dBi on body. Table 3 

summarizes the performance of antenna both in air and on tissue 
model. 

 
Fig. 6: E-planeRadiation pattern on free space 

 

 
Fig. 7: E-planeRadiation pattern on phantom model 

 

5. Specific Absorption Rate (SAR) Analysis 
SAR is a standard measure to evaluate this absorbed electromag-
netic power in human tissue. According to the IEEE C95.1-
2005standard, SAR value should not be larger than 2 W/Kg aver-
aged over 10 g of tissue in the shape of a cube [11]. SAR value 

related to the applied input power can be defined by  

SAR = σ| E2 | /2 ρ                                          (6) 
Where, σ represents tissue conductivity (s/m); E represents the 
electric field (V/m) and ρ is for tissue mass density (Kg/m3). Sim-
ulated SAR of the antenna is shown in figure 6. Maximum SAR is 
1.08 W/Kg measured for 0.1 W of input power. This low value 
satisfies the maximum safety limit. 

 
Fig.8: Simulated SAR value of proposed antenna 
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6. Conclusion 

 
The proposed design has good impedance bandwidth of 400 MHz 
centered on the resonance frequency of 2.5 GHz. Antenna shows 
good radiation characteristics oriented away from the direction of 
body. Efficiency is reduced from 90 to 10% when operated in 
close proximity of human body. High gain enables to establish a 
reliable communication link with external monitoring device. Low 
SAR value ensures the user safety and  make antenna good choice 

for WBAN devices. 
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